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GEOMETRICAL  PROBLEMS  WITH  A POSITION  SENSITIVE  DETECTOR  EMPLOYED 
ON  A DIFFRACTOMETER,  INCLUDING  ITS  USE 
IN  THE  MEASUREMENT  OF  STRESS 

M.  R.  James0 and  J.  B.  Cohen 
Dept,  of  Materials  Science  and  Engineering 
The  Technological  Institute 
Northwestern  University 
Evanston,  Illinois  60201 

ABSTRACT 

Defocusing  errors  associated  with  the  use  of  a straight  one 
dimensional  position  sensitive  detector  on  a powder  diffractometer 
are  examined.  At  high  angles,  the  error  is  less  than  the  resolution 
of  currently  available  detectors  for  x-rays. 

1 . INTRODUCTION 

Commercial  position  sensitive  detectors  (PSD)  for  x-rays 
(Borkowski  and  Kopp,  1968)  are  effectively  long,  straight  wires. 

The  delay  time  of  the  signal  to  both  ends  of  the  wire  from  one  posi- 
tion is  converted  to  voltage  which  allows  simultaneous  storage  of 
a wide  angular  range  in  a multi-channel  analyzer  (typically  =s  20  - 30° 

20)  with  a position  resolution  of  « 60  j,  - 180  u.  With  parafocusing 
geometry  the  entire  detector  length  cannot  be  located  on  the  focusing 
circle.  Only  that  portion  of  the  detector  tangent  to  the  circle 
will  be  at  the  true  focusing  position.  (Also,  the  dimensions  of  most 
present  conmercial  PSD's  prohibit  their' location  on  the  focusing 

circle  at  high  angles,  greater  than  140°29,  because  the  PSD  is 
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obstructed  by  the  x-ray  source  on  most  diffractometers.) 

It  is  the  purpose  of  this  paper  to  explore  the  errors  associated 
with  this  problem  which  are  relevant  to  their  general  use  on  a 
diffractometer  as  well  as  in  x-ray  measurements  of  residual  stress. 

The  measurement  of  residual  stress  in  the  surface  of  materials 
is  generally  carried  out  by  tilting  a specimen  to  an  incident  x-ray  beam  one  or 
more  t values  (about  an  axis  normal  to  the  diffracting  plane)  on  some  form  of  a 
diffractometer  and  measuring  the  peak  shift;  see  for  example  Cullity  (1978)  for 
a review  of  the  method.  Recently,  it  has  been  shown  that  the  time  for  these 

I 

measurements  can  be  greatly  decreased  by  using  a linear  position 
sensitive  detector  (James  and  Cohen,  1976,  1977,  1978). 

In  general  a modified  form  of  Seeman-Bohlin  geometrical  conditions 
for  focusing  is  employed.  This  permits  a divergent  primary  beam  and 
hence  illumination  of  a considerable  area  of  the  specimen,  yet  results 
in  a sharp  diffracted  beam  at  the  focal  point.  The  focusing  circle 
defined  by  the  target,  specimen  and  receiving  slit,  as  shown  in  Fig.  1, 
is  related  to  the  radius  of  the  diffractometer  circle,  R^,  as  follows 
(SAE,  1971). 

Rpc  - RGC/2sin(6  + t)  (la) 

Where  ^ is  defined  in  Fig.  l.b.  Fig.  1 illustrates  two  possible  con- 
ditions. For  ty  = 0,  the  focal  point  lies  on  the  goniometer  circle 
at  all  29  angles.  This  is  the  usual  Bragg-Brentano  focusing.  A 
receiving  slit  placed  on  the  29  arm  at  the  position  of  the  goniometer 
circle  is  always  at  the  point  of  focus.  For  ^ not  equal  to  zero,  the 
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point  of  focus  changes  to  point  B in  Fig.  l.b.  The  distance  from 
the  sample  to  B is  given  by  Cullity  (1978): 


R „ ,R  n cos  (li+(90-9) ) 

*P  ^GC'  cos (t- (90-©))  ’ 


(lb) 


i (t- (90-9)) 

Equation  (lb)  is  valid  for  either  a positive  or  negative  ^ tilt. 
The  counter  and/or  receiving  slit  may  be  moved  to  this  position  in 
the  x-ray  measurement  of  residual  stress. 

2.  GEOMETRIC  ERROR 

Referring  to  Fig.  2,  the  angle  2co  is  given  by: 


2sp  - tan  l(^|), 


(2a) 


where  nz  is  the  length  along  the  PSD  from  a reference  position,  q 
(which  is  the  point  of  tangency  of  the  detector  to  the  focusing  circle). 
Define  a calibration  k: 


, £ 

k * 

z 


(2b) 


where  q is  the  angle  determining  the  distance  z,  which  can  be  made 
equal  to  one  channel.  (Hence  the  units  of  k are  °29/channel . ) 

Thus : 


■1 


(2c) 


2cp  « tan  (n  tan  kz). 

Calibration  is  achieved  by  examining  any  two  peaks  (such  as  a doublet), 
within  the  range  of  the  PSD  with  fixed  settings  of  the  PSD 

electronics,  and  with  a normal  diffractometer.  (In  our  laboratory, 
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with  1024  channels,  a typical  value  of  k is  0.0202  29  per  channel.) 
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The  true  29  is  then: 

20q  + 2cp  (2d) 

where  29  is  the  value  at  q.  A comparison  was  made  between  this 
o 

equation  and: 

20-20  + k(nz)  (2e) 

o 

The  difference  was  less  than  Q.O1°20  over  4.5°20  on  either  side  of 
q,  and  =s  0.001°29  over  2.25°20. 

3.  DEFOCUS ING  ERROR 

3.1  Treatment  of  Aberrations  in  the  Diffraction  Profile 

Although  a crystal  will  reflect  over  a small  range  of  20 
depending  on  the  spectral  dispersion  of  the  primary  beam,  the 
crystallite  size,  microstrain,  faults,  etc.,  it  will  be  assumed  here  that 
there  is  only  one  wavelength  and  that  Bragg's  law  applies  exactly; 
for  any  (hki)  plane  the  diffraction  angle  is  fixed. 

A method  developed  by  A.  J.  C.  Wilson  (19b3)  to  study  aberrations 
arising  from  the  practical  impossibility  of  achieving  the  ideal  arrange- 
ment in  powder  dif fractoraetry  will  be  followed.  Wilson's  purpose  for 
treating  these  aberrations  was  to  determine  what  could  be  done  to 
eliminate,  as  far  as  practicable,  the  effect  of  the  aberrations  on 
the  observed  positions,  breadths  and  profiles  of  diffraction  maxima. 

In  this  paper,  it  is  desired  solely  to  determine  if  aberrations  due 
to  defocusing  cause  errors  in  the  measurement  of  peak  position  using 
a position  sensitive  detector. 


Wilson's  treatment  involves  aberrations  such  as  horizontal 
divergence,  specimen  shape,  specimen  transparency  to  the  x-ray 
beam,  receiving  slit  position,  etc.  on  the  measured  Bragg  angle. 

In  this  paper,  we  only  need  to  be  concerned  with  the  effect  of  the 
receiving  position  on  the  measured  Bragg  angle. 

Fig.  3.  illustrates  the  geometry  of  the  approach.  A ray  diver- 
ging from  point  C,  a distance  Xf  from  A,  the  centroid  of  the  source, 
is  diffracted  at  point  P in  the  specimen  a distance  Xg  from  0 (the 
ideal  position  of  the  specimen)  and  passes  through  the  receiving 
slit  at  D,  at  distance  Xf  from  B,  the  point  at  which  rays  would  be 
focused  under  ideal  conditions.  The  main  concern  with  a PSD  is 
with  errors  associated  with  the  vector  Xf.  The  other  errors  are 
included  because  of  possible  cross  terms  involving  X^  and  Xg. 

Following  Wilson's  coordinate  system,  unit  vectors  may  be  chosen 
with  T and  7 in  the  diffracting  plane,  7 radially  outward  from  the 
focusing  circle,  j tangential  to  the  focusing  circle,  and  k axial. 

The  )T  direction  is  thus  normal  to  the  circle  and  7 and  7 are  tangen- 
tial to  it.  Orthogonal  components  for  the  vectors  X^,  Xs<  Xf  maybe 
chosen  so  that: 

1)  * , y„»  zc  are  parallel  to  7,  7,  Tc, 

S S 5 

ii)  x^,  and  y^  are  equatorial  and  respectively  parallel  and 
perpendicular  to  the  incident  beam  in  Fig.  3 and  z^  is 
parallel  to  1c, 

iii)  xf,  and  y ^ are  equatorial  and  respectively  parallel  and 
perpendicular  to  R,  and  is  parallel  to  k. 


Let  2c  represent  the  error  in  the  value,  20,  due  to  the  aber- 
rations, Then: 

20  - 2v  + 2e  (3) 

where  the  angular  reading  on  the  diffractometer  is  actually  2®. 

To  calculate  2c : 

cos2tJ  - cos  20  * cos  2<P  - cos  (2®  + 2e) 

a:  2esin2®  (4a) 


or : 


2e  «•  [cos2®  - cos20]/sin2® 


(4b) 


where  2s  is  in  radians.  Letting  cos2o  - cos20  * 6 this  term  can  be 
separated  into  its  components: 


5 . e£  + Jt  + Ss  , 6fr  + 5fs  + ,ts>  (5) 

where  6,5,6  represent  the  scalar  components  involving  only 
c r s 

the  focal  spot,  receiving  slit,  and  specimen  respectively.  5^r» 

5 , and  5 are  cross  terms  involving  the  designated  constituents, 

fs  rs 

These  cross  terms  represent  the  correlations  of  one  aberration  with 
another.  For  instance,  if  the  focal  spot  and  effective  diffracting 
position  were  perfectly  positioned  with  the  angular  divergence  of 
the  beam  being  extremely  small,  there  would  be  no  receiving  slit 
missetting  because  the  diffracted  beam  would  be  a straight  line. 

The  correlation  of  errors  associated  with  the  finite  sizes  and 
locations  of  the  focal  spot  and  receiving  slit,  and  volume  and 
receiving  slit  must  be  taken  into  account.  As  the  present  concern 


Is  only  with  terms  involving  the  receiving  slit: 


s + 6 c + 5 • 

r fr  rs 


(6) 


The  scalar  terms  as  derived  by  Wilson  are: 

5^  » R'  sin2-vSrRyr  - xfyr  + ^(yf  + z f )cot2?  + . . (7a) 

6fr  - (RS)*l(yfyrcos2srt-  zfzr> , (7b) 

5 *•  R_2'-x  x cos (20-*) sin2^P-y  y cos (2«P-^)  sin2«  (7c) 

rs  y r s 

R R 

-x  y sin(29-i|r)sin2cp-z  z (cos2^+^t)  + -y  x (cos((4^cos^cos2cp)]. 
r s its  j r s j 

We  neglect  the  axial  divergence  terms  because  the  PSD  slit  height 

is  3nm  (equal  to  1.2°  for  a diffractometer  of  radius  14.55  cm), 

small  compared  to  a normal  receiving  slit  and  we  are  interested  in 

errors  different  than  the  usual  slit  arrangement.  The  displacement 

is  found  by  averaging  2ef  over  the  focal  spot,  specimen,  and  receiving 

slit.  Neither  x and  x ,nor  x and  y ,nor  yf  and  y , are  correlated; 
r s r s t t 


thus : 


<y2> 


2 e ■ R 2[R<y  ) - (x  >(y  ) + — r — cot2{j  - / x Vx  ) cos(2cp-jr) 

- <yr)*'ys)cos(2a-!i)  - (xr)<ys)sin(2g-li)-  3^7*-^  (cos^  + |cosycos2<B) 

+ |/yr)<yf)cot2s)]  (8) 

where  (x  y ) - (x  )/y  ) is  assumed.  The  term  (x  ) will  be  taken  as 
r r r r s 

the  displacement  of  the  effective  center  of  the  diffracting  volume 
of  a flat  specimen  from  the  diffractometer's  center  point.  If  the 
center  of  gravity  of  the  illuminated  area  lies  on  the  axis  of  rotation 
of  the  specimen,  /y  ) = 0.  This  is  never  possible  because  of  the 
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variation  in  intensity  across  the  beam,  but  the  average  is  generally 
still  small.  Both  xf  and  y^  will  be  functions  of  2<P  and  the  position 
of  the  PSD. 

3.2  Derivation  of  L Spl 

In  the  coordinate  system  for  3^.,  x^  is  the  distance  between  the 
ideal  focal  point  given  by  Eq.  (lb)  and  the  detector  in  the  direction 
parallel  to  R.  In  addition,  y^  is  defined  as  being  perpendicular 
to  R and  dependent  on  the  divergence  of  the  primary  beam.  It  arises 
because  even  if  the  focal  spot  were  a point,  as  shown  in  Fig.  lb, 
the  rays  diverge  again  before  being  detected.  The  centroid  of  this 
distribution  will  not  be  in  the  center  of  the  divergent  beam  creating 
an  aberration  in  the  measured  distribution.  An  estimate  of  both 
these  quantities  can  be  made  following  a method  presented  by 
H.  Zantopulos  and  C.  F.  Jatczak  (1970).  Equations  are  derived  in  this 
reference  for  the  path  of  the  incident  and  diffracted  beams.  Defining 
Che  position  of  the  PSD  by  an  equation  in  the  same  coordinate  system, 
the  intersection  of  the  diffracted  beam  and  the  PSD  can  be  specified. 
The  distance  from  the  focus,  point  B in  Fig.  lb,  to  the  intersection 
of  the  diffracted  ray  and  the  PSD  can  then  be  determined,  and  x^.  and 
y found. 

The  origin,  0,  in  Fig.  4,  is  the  axis  of  rotation  of  the  speci- 
men and  the  Cartesian  coordinates  i,  j define  the  equatorial  plane. 
Assuming  a flat  sample,  a primary  beam  divergence  of  2a,  and  2g  as 
the  observed  Bragg  angle,  these  equations  will  be  derived  below. 
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3 . 2A  Equation  for  the  Incident  Beam 

In  Fig.  4,  the  slope  of  the  cencral  incident  beam  is  given  by 
-cotb,  where  3 - 90-9.  Using  the  law  of  sines  in  the  triangle  AOB 
to  find  the  j axis  intercept,  the  equations  for  the  right  and  left 
incident  beam  are,  respectively: 

j = -cot(p-a)i  + Rsina/sin(p-a) , (9a) 

j = -cot(3+or)i  - Rs ina/sin(3+o)  • 

To  generalize,  let: 

4=1  for  the  right  beam, 

4=0  for  the  central  beam, 

1 - -1  for  the  left  beam. 

Then  the  equation  for  the  incident  beam  becomes: 

j = -cot(S-4a)i  + 4Rsina/sin(3-4a) . (9b) 

Note  that  a is  half  the  divergence  angle. 

3.2B.  Intersection  of  Incident  Beam  and  Specimen  Surface 
The  specimen  surface  can  be  defined  by: 

j =itani,  (10) 

where  f is  defined  in  Fig.  1.  Equating  Eqs.  9b  and  10,  the 
coordinates  of  the  intersections  are: 

_ *.Rsina_/s_in(p-ia) 
s [cot (p-ia)+tant ] ’ 

jg  ■ igtan\|f.  (lib) 

The  subscript  s in  Eqs.  11  refers  to  the  intersection  of  the 
incident  beam  and  specimen. 
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3.2C  Equations  for  the  Diffracted  Beam 

The  slope  of  the  diffracted  beam  is  given  by  cot(b+Za) . 

Fig.  4 defines  the  j axis  intercept  for  the  left  and  right  beam. 

For  the  diffracted  beam: 

j « cot(p+<ta)i  - i^tanCg+ia)  (12) 

3 . 2D  Intersection  of  the  Diffracted  Beam  and  the  PSD 

It  is  convenient  to  describe  the  position  of  the  PSD  by  the 
point  at  which  it  is  tangent  to  the  focusing  circle,  D^  in  Fig.  5. 

The  angle  between  the  line  connecting  D^  and  the  origin  and  the  j 
axis  can  be  described  by  3' . The  equation  of  the  line  passing  through 
D^  and  the  origin  is: 

j » (cotg')i  (13) 

The  PSD  is  perpendicular  to  the  0 -Dn  and,  therefore,  the  line  repre- 
senting the  PSD  has  a slope  of  -tang'.  The  intercept  of  the  line  on 
which  the  PSD  lies  and  the  j axis  is  -R/cosB'  as  seen  in  Fig.  5.  The 
equation  for  the  line  on  which  the  PSD  lies  is  then  given  by: 

j = -i  tanp'  * R/cos3'.  (14) 

The  simultaneous  solution  of  Eq.  12  and  Eq.  14  yields  the  co- 
ordinates of  D1  (the  intersection  of  any  diffracted  beam  and  the 
PSD): 

i_  » (i  tan(Jf*a)-R/cos9' ) (1/ (cot  (3+2o’)+tan3' ) ) , (15a) 

D s 

J » -i  tang*  - R/cosS' . (15b) 

D D 

The  distance  from  the  sample  to  the  detector  is  given  by: 
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^PSD  + ^D  ^ jD  ) ’ 


(16) 


Fig.  6 illustrates  the  error  In  x^  which  has  been  defined  as  being 
parallel  to  R.  The  magnitude  of  for  the  left,  central,  and  right 
beams  are  almost  identical  as  the  divergence  angle  is  small.  The 
distance  from  the  focal  point  B,  given  by  Eq.  (lb)  and  the  intersec- 


(17) 


tion  of  the  beam  on  the  PSD  is  given  by: 

x - R - R = (i  2 + i 2\*  - RcosU±Si 
r ^PSD  ( D JD  } cos(i-S)  ’ 

where  iQ  and  are  calculated  for  the  central  beam. 

Defining  3 as  the  angle  between  the  origin  and  a line  connecting 
Li 

the  origin  with  the  intersection  of  the  left  beam  and  the  PSD  and  sR 
similarly  corresponding  to  the  right  beam,  then  from  Fig.  7: 


2%  ’ 180'V3c' 

2^  ■ ‘8<>-Sr-Sc. 


(lSb) 


where  = tan  ^(Iq/Jq)  using  the  appropriate  values  of  i and j from 
Eq.  15  and  Eq.  16.  The  average  error  is  given  by  the  difference 

between  the  angle  of  the  central  beam,  2^,  and  the  midpoint  of  the 
two  extreme  rays : 

= 2;?c  - (2^  + 2C3r)/2.  (19) 

An  average  value  of  yf  is  given  by: 


(yr>  = Rptan£2g.  (20) 

Zantopulos  and  Jactzak  (1970)  have  shown  that  the  proper  value  is 
closer  to  1/3  of  this  average,  because  the  beam  decreases  in  inten- 
sity rapidly  on  its  edges.  Eq.  20  is  a liberal  estimate. 


EXAMPLES  OF  RESULTANT  ERRORS 

The  defocusing  error  is  given  by  Eq.  8.  The  terms  xf  and 
pertaining  to  the  distance  of  the  PSD  from  the  focusing  circle  are 
given  by  Eq.  17  and  20  respectively.  The  remaining  terms  (xg),  (y^) 
and  (y  ) account  for  the  interaction  between  the  defocusing  and  sample 
position  and  a reasonable  estimate  of  each  must  be  used  to  determine 
the  defocusing  error.  An  estimate  of  (y  ) is  difficult  as  it  depends 
on  the  alignment;  however,  Wilson  (1963)  suggests  a value  of  .25mm 
as  the  upper  boundary.  The  term  (xg)  represents  the  point  of  dif- 
fraction in  the  specimen,  including  both  beam  penetration  and  sample 
missetting;  .05  mm  representing  an  upper  limit  for  most  x-radiations. 
The  term  (y^)  is  the  missetting  of  the  centroid  of  the  primary  illumina- 
tion of  the  target  from  its  true  point  on  the  focusing  circle  and  is 
judged  to  be  less  than  .05  mm. 

The  defocusing  error  was  first  calculated  assuming  the  center 

of  the  PSD  is  tangent  to  the  y = 0°  focusing  circle  (goniometer 

radius  = 14.55  cm)  at  156°20,  a typical  value  for  stress  measurement 

with  steels.  Table  1 tabulates  the  error  assuming  (x  ),  (y  ) and 

s s 

(y^)  are  zero.  The  true  diffraction  angle  20,  as  given  by  Eq.  3, 
is  recorded  for  three  values  of  a where  the  observed  angle  2<p  is 
150°,  156°  and  160°29.  The  error  at  the  observed  angle  of  156°20, 
i.e.  the  tangency  point  of  the  detector  and  the  focusing  circle  arises 
from  the  flat  sample  geometry  and  would  be  evident  even  with  the 
usual  receiving  slit  geometry.  This  error  is  comparable  with  those 
calculated  by  Zantopulos  and  Jatczak  for  stationary  slit  geometry. 
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The  error  due  to  the  PSD  only  may  be  found  by  comparing  the  error 

o o 

at  the  point  of  tangency  to  that  at  150  or  160  20;  this  difference 
is  very  small.  In  terms  of  a stress  measurement,  for  a peak  shift, 
from  154°20  at  y =•  0°  to  156°29  at  | = 45°,  representing  a stress 
of  approximately  -1200  MPa  (-170,000  psi),  the  error  due  to  defocus- 
sing is  only  +3  MPa  (+430  psi)  for  a beam  divergence  (2a)  of  2°: 

Table  2 tabulates  the  error  for  (xg>  = (y^)  = *05  mm  and  (yg)  - 

.05  mm.  In  this  case,  the  defocusing  errors  are  larger,  especially 
o 

at  ijf  s 60  because  of  the  correlation  between  the  specimen  and  beam 
missettings  with  the  receiving  slit  missetting.  Assuming  the  same 
2°  peak  shift  as  before,  the  error  in  the  peak  shift  between  = 0° 
and  i/  = 45°  is  - 7.1  MPa  (-1032  psi)  still  a small  error  considering 
the  large  peak  shift. 

From  Eq.  8 it  can  be  seen  that  (xg)  is  most  important  at  J ■ 0 
where  the  cosine  term  is  large.  The  effect  is  small  though;  for  (xs)  ■ 

.05  «y ,)  = (y  ) =0),  2cp  = 150,  a m .5°  and  the  detector  tangent  at 
156°29  , the  true  diffraction  angles  are  149.998°29  and  150.002°29  at 
y « 0 and  ^ = 45°,  respectively.  The  effect  of  (y^)  is  similar  in  magnitude. 
However,  the  term  (yg)  is  more  important.  Because  the 

quantity  x^  is  largest  at  jj  t 0,  as  is  the  sine  term,  (yg)  is  most 
important  at  * •>  . For  (y  ) = .25  mm  ((y^)  * (xg)  = ant* 
above  settings,  the  true  diffraction  angles  are  149.998°20  at  ) 3 0 
and  149.975  at  ^ m 45°.  Most  of  the  error  recorded  in  Table  2 at 


| ^0  is,  therefore,  due  to  (yg). 


Table  3 tabulates  the  angles  for  (x^)  - (y£)  » .05  ram  and  (y^)  - 
.25  mm,  for  the  PSD  being  tangent  to  the  ■ 0°  focusing  circle  at 
139°20  (a  typical  diffraction  angle  for  the  CrK^  311  diffraction  plane  in  A1 
in  stress  measurements).  The  error  is  small  for  \|r  » 0 but  is  quite  large  at 
y - 45°  and  -if  ■ 60°.  This  is  because  the  sine  term  is  large  at  this 
angle,  2c?  - i , and  involves  <y  ) . Assuming  a peak  shift  from  139°20 
to  141°20  using  \jr  tilts  of  0°  and  60°  respectively,  the  error  due 
to  defocusing  for  Al,  having  a stress  constant  of  255  MPa/°20 
(3700  psi/°20)  is  -8.67  MPa  (-1240  psi)  at  a beam  divergence  of  2°.  For 
(y  ) - 0 the  defocusing  error  is  less  than  .OO6°20  at  ■ 45°.  This 
effect  is  expected  because  at  smaller  20  the  effective  sample  posi- 
tioning and  beam  alignment  are  more  critical. 

Data  is  tabulated  in  Table  4 for  2cp  angles  less  than  90°. 

Alignment  errors  become  critical  at  these  angles  so  values  are  re- 
ported for  (xs)  - <ys>  » (y£>  - 0,  and  beam  divergences  of  1°  and 
2°.  It  is  readily  seen  that  for  the  detector  being  tangent  to  the 
focusing  circle  at  45°20  the  change  in  the  error  for  a “ 0.5°  from 
- 40°  to  2c?  - 50°  is  -.033°  to -.016°,  respectively.  These  are 
large  enough  for  a correction  to  be  necessary  in  many  studies  at 
this  diffractometer  radius  of  14.55  cm.  The  error  decreases  as 
2c?  increases  as  expected. 

In  summary,  the  defocusing  error  is  small  in  the  measurement 
of  residual  stress  using  the  PSD  and  it  is  not  necessary  to  apply 
mathematical  corrections,  especially  if  the  x-r »y  tube  is  aligned 
properly  so  that  the  term  (y  ) is  small.  Correspondingly,  the 
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error  will  be  small  for  high  angle  peaks  in  any  reflection  experi- 
ment. The  equations  presented  allow  tor  an  evaluation  of  this 
error  in  most  experimental  arrangements,  for  any  linear  PSD, 
with  x-rays  or  neutrons. 
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angle) 
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149.989 
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TABLE  2 


Angles  for 


.05  mm,  (y_)  = .25 
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angle)  pie 
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a ^9 
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diver-  angle) 

gence 
angle) 

0.5  14 

0.5  15 

0.5  15' 

0.5  149.977 

0.5  155.983 

0.5  159.986 

0.5  149.962 

0.5  155.969 

0.5  159.974 


20 

(measured 

angle) 


149.991 

155.993 


149.975 

155.980 


149.962 

155.968 

159.973 


149.959 

155.964 

155.969 
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TABLE  3 


Angles  for 


Of 

(half 

diver- 

gence 

angle) 


20° 

(measured 

angle) 
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O' 

(half 

diver- 

gence 

angle) 

20° 

(measured 

angle) 

or0 

(half 

diver- 

gence 

angle) 

134.996 

1.0 

134.986 

2.0 

138.997 

1.0 

138.987 

2.0 

142.997 

1.0 

142.988 

2.0 

134.965 
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134.963 

mwm 

138.968 

1.0 

138.966 

142.971 

1.0 

142.970 

134.948 

1.0 

134.948 

2.0 

138.951 

1.0 

138.951 

2.0 

142.955 

1.0 

142.955 

2.0 

134.943 

138.948 

142.953 


134.957 

138.960 

142.962 


134.947 

138.950 

142.953 


TABLE  4 


Angles  for 


detector 

tangent 

at 


a 

(half 

diver- 

gence 

angle) 


29° 

(measured 

angle) 


39.967 

44.979 

49.984 


64.986 

69.988 

74.989 


79.990 

84.991 

89.991 


Of 

(half 

diver- 

gence 

angle) 


(measured 


39.868 

44.916 

49.938 


64.943 

69.950 

74.955 


79.958 

84.962 

89.965 
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FIGURE  CAPTIONS 


FIGURE  1 
FIGURE  2 


FIGURE  3 


Geometry  of  the  focusing  error  on  a powder  diffractometer. 

Illustration  of  the  terms  used  in  the  calibration  of  the 
PSD.  The  term  23  represents  the  angular  range  covered 
by  the  detector,  nz  is  the  total  number  of  channels  and 
a is  the  angular  increment  for  one  channel,  near  the 
point  of  tangency  of  the  PSD  to  the  focusing  circle. 

Co-ordinates  employed  in  the  text  for  a powder 
diffractometer. 


FIGURE  4 The  angles  of  diffraction  for  the  left  and  right 

divergent  rays. 


FIGURE  5 

FIGURE  6 
FIGURE  7 


Geometry  for  the  location  of  the  position  sensitive 
detector. 

o 

Geometry  for  x at  4 =0  . 

o 

Geometry  for  y at  i = y . The  terms  9^  and  g describe 
the  angle  between  the  j axis  and  a 1 ine  connecting  the 
origin  and  the  intersection  of  the  left  and  right  dif- 
fracted beams  with  the  PSD. 
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